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(54) Flame-retardant resin composition 

f571 The oresent invention provides a flame-retardant resin composition in which a total of 3 to 30 parts by weight 
of (B) a condensed phosphate ester flame retardant described by general formula (1) hereinbelow and (C) a mono- 
phosphate ester flame retardant described by general formula (2) hereinbelow is blended w,th 100 parts by ^ we.gh^ 
?A) polyphenytene ether resin or polycarbonate resin, components (B) and (C) be.ng used in the range of (By{B) + (C)} 
= 0.5-0.9. 
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8 (where R, R, R 3 and R 4 denote a phenyl group, a lower alkyl group with 1 to 6 carbon atoms, or a hydrogen 

N atom with the plo£o that R„ R 2 , R 3 and R 4 are not all hydrogen atoms); X, and X 2 represent oxygen or sulphur 

CO atoms- Y denotes a phenyl group, lower alkyl group with 1 to 6 carbon atoms, or a sulfonyl group; R 5 . R 6 , and R 7 

^ denote a phenyl group, cresyl group, xylenyl group, or trimethylphenyl group lower alkyl group with 1 to 6 carbon atoms 

O or a hydrogen atom (with the proviso that R,. Re and R 7 are not all hydrogen atoms) and n is an .nteger greater than 



pnnt=« b, jom.e. 75001 paris (fr) (Cont. next page) 
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or equal to 1 denoting degree of polymerization). 
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Description 

The present invention relates to a flame -retardant resin composition with superior flame-retarding qualities and 
strength that is obtained by blending specified phosphate ester compounds with polyphenylene ether resin or polycar- 

5 bonate resin. , . ... 

The phosphate ester compounds used in the present invention do not volatilize or cause smoking during molding, 
nor do they bleed to the surface of molded products. Moldings made of this resin composition do not show discoloration 
or blistering nor are their electrical or other properties compromised by moisture absorption. 

Synthetic resins are used as materials for construction, electrical appliances, automobile bodies, fibers, and the 
10 like because they are generally light weight, moisture resistant, chemical resistant, and electrically insulating, have 
various beneficial mechanical properties, and are moldable. 

However a drawback of synthetic resins is that they are more readily combustible than metals and inorganic 
materials As a result many methods for rendering synthetic resins flame retardant have been proposed. The more 
widely used examples of such methods for rendering synthetic resins flame retardant include blending into them hal- 
15 oqen compounds, phosphorus compounds, inorganic hydrates, or the like. 

Methods of employing phosphate ester flame retardants for imparting fire-retarding properties to PPE resins and 
PC resins have long been used in the art. Monophosphate esters such as triphenylphosphate (herembelow, TPP) are 
generally used as phosphate ester flame retardants, but, due to their low molecular weights, they smoke during molding 
and bleed out, disadvantageousty contaminating molds and moldings. 
20 Bisphenol A condensed ester phosphate flame retardants such as those disclosed in Japanese Unexamined Patent 

Application Kokai Nos Sho 55-118957 and Sho 59-202240 have drawn attention recently as a means for improving 
the above-mentioned drawbacks of monophosphate esters and because flame-retardant resin compositions have 
come to be used in harsher environments in recent years. 

The above-mentioned bisphenol A condensed phosphate ester flame retardants do not bleed out, and they show 
25 good stability with respect to environmental stresses, for example, good thermal stability and resistance to hydrolysis, 
but they are extremely difficult to work with, since they have high viscosities at ordinary temperatures as a result of 

^'as 1 ^meS of TpraJng the handling properties of flame-retardant resins, Kokai No. Hei 6-228426 disclosed a 
PPE resin containing a monophosphate ester flame retardant and a bisphenol A condensed phosphate ester flame 

30 retardant having an alkyl group at the terminal phenol group, typified by cresyl bisphenol A polyphosphate. This com- 
bination reduced the viscosity of the entire phosphate ester, lowered bleed out of the flame retardant, and improved 
the handling properties of the resin. 

However, the high molecular weight of the condensed phosphate ester limits number of phosphorus atoms per 
molecule in this formulation. Since fire-retarding properties are generally dependent Qn the phosphorus atom content, 

35 this formulation had to be added in large amounts in order to obtain the necessary flame retardancy, which compromised 
thermal stability and was uneconomical. The results of our research also showed that adding more of the above- 
described cresyl bisphenol A polyphosphate lowers mechanical strength, for example, impact strength. 

As a result of extensive research aimed at overcoming such problems, we discovered that it is possible to increase 
the phosphorus content of flame retardants and obtain resin compositions which are easy to work with, do not smoke 

40 during molding do not bleed out from moldings or to molds, and have excellent flame retardancy, impact resistance, 
and resistance to hydrolysis by adding a combination of a condensed phosphate ester flame retardant having a spec- 
ified structure and a monophosphate ester flame retardant to polyphenylene ether resin or polycarbonate resin. 

Thus the present invention provides a flame-retardant resin composition in which a total of 3 to 30 parts by weight 
of (B) a condensed phosphate ester flame retardant described by general formula (1 ) hereinbelow and (C) a mono- 

45 phosphate ester flame retardant described by general formula (2) hereinbelow is blended with 100 parts by weight of 
(A) polyphenylene ether resin or polycarbonate resin, components (B) and (C) being used in the range of 

(B)/{(B) + (C)} = 0.5-0.9. 



50 



Any conventional PPE resin (A-1 ) can be used as component (A) of the invention. PPE resin is a generic term for 
polymers described by the general formula 
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(where each A, ft, R w and fl„ is independently a hydrogen atom, halogen atom, hydrocarbon group, substi- 
tuted hTd^arbon g^oup al'koxy group, cyano group, phenoxy group, or nitro group, and n . an integer indicating 
degree of polymerization). The polymer described by this general formula may be used singly or as a copolymer com- 

M ch,orine - bromine ' fodine ' me,hyl h ethyl ' pr Tr pheny1 ' 

benzyl methylbenzyl. chtoromethyl. bromomethyl, cyanoethyl, cyano, methoxy, ethoxy. phenoxy. and nitro. 

Specific examples of the polymer include poly(2,6^imethyl-1 ,4-phenylene) ether. poly(2,6-d,ethyl- .4-phenylene) 
ethef P pS^^ *«. poly(2-rnethy.-6-pro P yM,4-phenylene) ether, poly 2.6-d,pro P y - 

tTphenylene) ether, poly(2-ethyl-6-propyl-1,4-phenylene) eth e r, P oly(2.6-dimethoxy- 1 ,4- P heny.ene) ether poty 
a eSSromethyl-l ,4 phenylene) ether. poly(2.6^bromomethyl-1.4-phenylene) ether, po ly JMipheny - ,4-phe- 
!^"e) eftTr ilyVe-d Solyl-1 ,4-pheny.ene) ether, poly(2,6-dichloro-1 ,4-phenylene) ether, poly (2,6-d,benzy 1-1 ,4-phe- 
nulens^ ether and poly(2,5-dimethyl-1 , 4-phenylene) ether. 

The preferred PPE resins are polymers in which R s and R 9 in the above-mentioned formula (formula 3) are alkyl 
groups pTrticuSy a, ky , groups withf to 4 carbon atoms. Po.ymers with an n value of at .east 50 are especial* 

Pre, pp e Ecopolymers can also be used, for example, copolymers containing some amount of alkyl-3-substituted phenol 
such as 2 3 6-trimethylphenol, in the polyphenylene ether repeating unit. 

CopoVmers wrth grafted styrene compounds may alsobe used as these PPE resins. Copolymers obtained by 
graft polymerizing a styrene compound such as styrene, a^ethylmethylstyrene. vmyltoluene. or chlorostyrene to the 
above-described PPE may be used as the styrene-grafted polyphenylene ether. f ., anrion 

The PPE resin of component (A) in the invention is the above-mentioned PPE resm or a composition of it and an 

^^Examltes oftifaromatic vinyl resin include homopolymers or copolymers of styrene or styrene derivatives such 
as tvmethvlstyrene, o-methylstyrene, a-methyl-p-methylstyrene, chlorostyrene, and bromostyrene 
Arubbe^ 

comoound and 1 to 30 percent by weight of diene rubber may also be used. 

Exampfes of the diene rubber comprising the HIPS include homopolymers of conjugated d,ene compounds such 
as butadiene isoprene, and chloroprene: copolymers of conjugated diene compounds and unsaturated nitrile com- 
pounds or arorSc vinyl compounds; and natural rubber. They may be used singly or in combination , of two or more. 

Polybu^adiene and copolymers of butadiene and styrene are especially preferred. HIPS can be obtained by emul 
sion polymerization, suspension polymerization, bulk polymerization, solution polymerization, or a combmat.on of these 

m9, Ot d he' r examplesofaromaticvinyl resins include polystyrene thermoplastic elastomers such as sty^ene^crylon^ 
acrylale copolymers, polystyrene modified with EPDM rubber, styrene-acrylonitrile copolymers modrfied wrth acrylic 
rubber and hvdroqenated styrene-butadiene block copolymers. 

?PE resin and aromatic vinyl resin may be combined in any proportions in component (A); however, they are 
usually blended in proportions of 1 to 99 parts by weight of aromatic vinyl compound per 99 to 1 parts by weight of 
PPE es^n Twenty to SO parts by weight of aromatic vinyl resin per 80 to 20 parts by weight of PPE resin is preferred. 

Polvcarbonate resin (A-3). the other substance of component (A) in the invention, is an aromatic polycarbonate 
mad^— 

Examples of the diphenols used as raw materials include 2,2-bis(4-hydroxyphenyl) P ro P ane ( bisphenol A ), 2 2-b s 
(3 5Somo-4-hidroxyphenyl) P ropane; U-bis^-hydroxyphenylJcyclohexane; f.l-bisfS.S-dimethyM-hydroxyphenyl) 
cydohe?an -1 bis(4 hydroxyphen y i)decane; 1 ,4.bis(4-hydroxypheny.)propane; l,l-bis(4.hydroxypheny.)c y c.odo. 
decane 1 1 ^^^bis(3,5 Jime.h y i-4^hydroxyphenyl)cyclododecane; 4,4-dihydroxydiphenyl ether; 4,4-th,od, P henol; 4,4-di- 
hydroxy-3 3-dichlorodi P henyl ether; and 4,4-dihydroxy-2,5-dihydroxydi P henyl ether. 

Examples of precursors for providing carbonates include phosgediphenyl carbonate. 

The polycarbonate resin of component (A) of the invention is the above<iescribed po^carbonate resm oj a com- 
position of it and one of the copolymer components (A-4) containing (a) an aromatic vinyl monomer component and 
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(b) a vinyl cyanide monomer component and (A-5) containing at least (a) an aromatic vinyl monomer component, (b) 
p vinvl cvanide monomer component, and (c) a^n elastomenc polymer. 

ES^s onhe aromatic vinyl monomer component (a) in (A-4) hereinabove include styrene. a-meth ylstyrene 
o I Time°hvlstyrene, vinyl xylene, monochlorostyrene. dichtoros.yrene, monobromostyrene. dibromostyrene, 
fluoLy^ and vinylnaphthalene. These components may be used s,ng.y or ,n 

combinations of two or more. Especially preferred are styrene and a-methylstyrene. 

eSSXofttS vinyl cyanid^onomercomponent include acryloni.rileandmethacrylon.tnle.Thesecomponents 
may beTed s° g^r in combinations of two or more. There are no particular restrictions on the,r m,xmg ratios. wh,ch 
mav he selected as appropriate for the desired application. 

^io is not particular* restricted, 1 is preferred to use 95 to 50 P?^* <-> 
and 5to 50 percent by weigh, of (b) in component (A-4), more preferab* 92 to 65 percent by we.ght of (a) and 8 to 35 

^Tp^lrefexam'pie o, copolymer component (A-4) is SAN resin (styrene-acrylonHrile copolymer). 

^SSZ method for copolymer component <A4) is no, particular* restricted, and any conventional 
methci such as bulk polymerization, so.ution polymerization, bu.k suspension polymerization, suspense porymen- 
7atinn and emulsion polymerization may be used. 

Comoonent (A-4) can also be obtained by blending resins that have been copolymer^ separately. 
Component (A-5) is discussed hereinbelow. (A-5) is a copolymer of (a) an aromatic v,nyl monomer component, 

(b) a vinvl cvanide monomer component, and (c) an elastomeric polymer. 

The examples cited for component (A-4) hereinabove may be used for the aromat,c vinyl monomer component 

(3) - l»W««*n.. POIVisoprene, styrene- 

s ^^^^^ n h y d 0 genated forms of such block copolymers, acrylonitrile^utadiene co- 

1-Zylenera dom and btock copolymers and copolymers of ethylene ^aol^^»*n^i^cop* 
TZTZ eZ^e^ acrylate copolymers; acrylic acid ester-butadiene copolymers, for example, acrylic elastom. 
2 such as acryi-buTadiene copolymers, acrylic elastomers such as butyl acrylate-butad^ne copolymers^ 
cooolvmei of ethylene and fatty acid vinyls such as ethylene-viny. acetate; e ,hy.ene-propylene-noncon,ugated diene 
Zolvlers sucl as ethylene-propylene-ethylidene-norbornene copolymers, and ethylene-propylene-hexad^ne co- 
%^X2£™ ii-rs; and po^ethy.ene chloride,. These substances may be used s,ng,y or ,n 

"Tetred elSol'c polymers are ethylene-propylene rubber, ethy.ene-propy.ene-nonconiugated diene tel pJ- 
vme^s £ne rubb J and acryHc elastomers. Polybutadiene and copolymers of styrene and butadiene are especial* 
IZe re s yrene content of no more than 50 percent by weight is preferred for styrene-butadiene copolymers. 
es ? Te'^Zuo for the components (a), (b), aqd (c) in component (A-5) is no, particularly restricted, and the 
comDonentsmav be blended in proportions suitable for the desired application. . 

I °SdS the other components in component (A-5), a component (d), a monomer that is copolymenzable w,th 
comoonen s (a Mb) and (c), may be used in amounts that do not compromise the object o, the ,nvent,on 

Examofes ; of sue cope ymerizable monomers include ^-unsaturated carboxylic acids such as acrylic acid and 

% ^SlTe bu y me Sacrylate, 2-ethyl (me.h)acrylate, and 2-ethy.hexyl (methjacry.a.e; ^unsaturated d,car- 
SS!SS^L as ma.eic anhydride and itaconic anhydride; and a.p-unsaturated dicarboxyhc acd imide com- 
T^^aZa^e and n-ochlorophenyl ma.eimide. These substances may be used singly or ,n comb.nations 

°' TepXred copolymer componen, (A-5) is, for example, a gr_aft copolymer in which ,he other components are 
crafted to ft n m e presence of a eLomeric pohymer (c). Especially preferred are ABS res ,n (acrylonrtr 
sty ine copdyrnerf AES resin (acrylonitrile-ethylene-propylene-styrene copolymer), ACS resin ^ Mn ^^ 
y!^e chS i'ene coporymer). AAS resin (aayloni,ri,e. acrylic elas,omer-styrene copolymer [s,c acrytonrtnle- 

"tml^^^^^ 

5) One or more condensed phosphate ester compound described by the general formula hereinbelow (formula 1 ) 
may be used as component (B), the condensed phosphate ester flame retardant. 
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(where ft ft, % and ft denote a phenyl group, a lower alkyl group with 1 to 6 carbon atoms, or a hydrogen 
atom Swever R? fl 2 fla, and ft do not all denote hydrogen atoms): X, represents an oxygen or sulphur atom Y 
S^S^W '-er group with 1 to 6 carbon atoms, or a sulfony, group; and n ,s an mteger greater 

^^^^STSS^Ul -P-ol A, polyphosphate, pheny,. bispheno, S, and 

^O^mte monophosphate ester compounds described by the genera, formula hereinbelow (formula 2) may be 
used as component (c), the monophosphate ester flame retardant. 

II 

R s — o— p_0— R: (2) 
0 

« I 

R« 

(where ft ft and ft denote a phenyl group, cresyl group, xylenyl group, trimethylphenyl group, lower ^ alkyl 
so group^h 1 to I Sbon atoms, or a hydrogen atom (however, R, ft, and ftdo not all denote hydrogen atoms), and 

combination with component (c). and the resin composition can be obtained more inexpensively. 
ExaltesloX 

« ,» JinhShlohate trixylenylphosphate, xylenyldiphenylphosphale. ui(sopro Py lphenyl)phosphate, .sopropylphe- 

Of these triohenylphosphate.tricresylphosphate, and cresyldiphenylphosphate are preferred 

?hl are nrrest iclons on the blending ratio for component (A), the polyphenylene ether resin or porycarbonate 

resin and cTmponen Tthe phosphate ester compound, used in the present invention, provided that the ull value 
« of the SiSTStad HoweveJ the to«a. portion of (B) and (C) is 3 to 30. preferab* 5 to 25, per 100 of (A), and 

(B\/UB) + (CN should range from 0.5 to 0.9, preferably 0.6 to 0.8. 

( Ktotal of (B) and (C) with respect to (A) is less than 3 percent, sufficient flame retardancy « not obta.ned. The 

use of more than 30 percent is undesirable because it leads to decreased flame retardancy 

J the ratio of (B) and (C) is such that (BMP) + (C )} < 0.5. a larger amount of low-molecular-we,ght products will 

45 ^ distance will be diminished and the viscosity of the flame 

rPtardant will be increased, making the composition more difficult to work with. 

fn add" to to me components mentioned hereinabove, the following may be added to the resm composition of the 

inventio^uTng mixing or molding, provided that they do not compromise the properties of the composition: other 
so es^s espec ia?iy elastomeric materials, and conventional additrves such as pigments, dyes, reinforcers (e*. gtass 

ib rs and ca bon ibers), fillers (e.g., carbon black, mica, talc, silica, and titanium oxide), agents for imparting heat 

ISlce. anUoxidants! anti-weathering agents, lubricants, parting agents, crystal-nucleatmg agents, piasters, 

finwahiiitv enhancers antistatic agents, bactericides, and fungicides. 

^^n^TnLlWurtri the resin composition of the invention is not particular^ restricted: conventional 
55 ^TTJm However, a meit-kneading method is generally preferred. Solvent may be used ,n small 

- ^^S"Sd include extruders, Banbury mbcers. rollers, and kneaders which may be 
operated in a batchwise or continuous manner. 
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The present invention is described in further detail hereinbelow by means of working examples; however, the 
invention is not limited by these examples. 

The following compounds were used in the working examples. 



w 



15 



Compound (A): 

PPE resin (A-1 ): Poly(2,6-dimethyl-1,4-phenylene) ether with an intrinsic viscosity (chloroform, 25°C) of 0.48 dL7 
q made by G E Plastics Japan. Ltd. (This is referred to as PPE hereinbelow.) 

Aromatic vinyl resin (A-2): High-impact polystyrene (HIPS). (Trade name: Toplex 876-HF, made by Mitsui Toatsu 
Kagaku K K.) (This product is referred to as PS hereinbelow.) 

(A-3): Bisphenol A polycarbonate resin. (Trade name: Lexan, made by G.E. Plastics Japan, Ltd.) Intrinsic viscosity 
0.46 dL/g measured in methylene chloride at 20°C. Mv = 20,000 (Calculated) 

(A-4): SAN resin. Trade name SR 30B (made by Ube Saicon K.K.) Mv = 117,000. 

(A-5)- ABS resin. Trade name UXO 50 (made by Ube Saicon K.K.) 

(B-1) = A condensed phosphate ester flame retardant described by the following structural formula (formula 6). 
(Trade name: CR 741, made by Daihachi Kagaku K.K. A mixture where n= 1-4). 
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(B-2) = A phosphate ester flame retardant described by the following formula (formula 7) was used as a comparative 
example. (Trade name: CR741C, made by Daihachi Kagaku K.K. A compound where n = 1-4). 
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(C-1) = A monophosphate ester flame retardant described by the following structural formula (formula 8) (Trade 
name: TPP, made by Daihachi Kagaku K.K.) 
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Working Examples 1-3; Comparative Example 

Pellets were manufactured by melt-kneading components in the proportions shown (by weight) in Table 2 in a 30 
mm twin screw extruder at a kneading temperature of 2B0°C and speed ol 2B0 rpm. The pellets were then injection- 
molded at a temperature setting of 260°C and mold temperature of 80°C. 

The moldings thus obtained were evaluated for Izod impact strength, flame retardancy, and smoking dunng mold- 
ing The viscosity of the total phosphate ester in each composition was also measured. The results are shown ,n Table 1 . 

Usina PC resin pellets were manufactured by mett-kneading components in the proportions shown (by we.ght) in 
Table 1 in a 30 mm twin-screw extruder at a kneading temperature of 240°C and speed of 1 50 rpm. These pellets were 
then injection-molded at a temperature setting of 230»C and mold temperature of 50'^ 

Mofdings thus obtained were evaluated in the same manner as those made with PPE res,n. The resutts are shown 

^The properties evaluated as mentioned hereinabove were measured in the following manner. 

(1) Izod Impact Strength 

Measured in accordance with ASTM D256 at 23°C and -30°C, using notched specimens 1/8 inch thick. 

(2) Flame retardancy 

Flame retardancy was evaluated in accordance with the testing method in UL-94. The mean duration of burning 
from first ignition until flaming stopped for a set of five 1 .6 mm-thick specimens of each product was used to rate the 
35 products in accordance with UL-94. 

(3) Smoking during Molding 

The amount of smoke produced at the nozzle of the injection molding device when the test pieces were made was 
40 assessed visually. 

(4) Viscosity of Total Phosphate Ester 

The viscosity of the total phosphate esters at 25 a C was found by measuring the efflux time with an Ubbelohde 
45 viscometerjindingthedynam 

dynamic viscosity by the density of the sample. 
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Mixing ratios and evaluation results for working and comparative examples. 
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im pacl strength as mote aster **** „, condensed phosphate • and monophosphate ester 

and offers a good balance of properties. 
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Claims 
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1 . Aflame-retardant resin composition comprising 
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(C) and a monophosphate ester flame retardant described by the general formula 

II 

R, — O-P— O— R, 
I 

0 
I 

R. 

(where R„ R 2 . R 3 and R 4 denote a phenyl group, a lower alkyl group with 1 to 6 1 carbon , atorr» or a 
hvdroaen atom with the proviso that R v R 2 , R 3 and are not all hydrogen atoms); X, and X 2 represen 
™ or atoms Y denotes a pU, group, lower alkyl group wrth 1 to 6 carbon atoms, or a suKony 

qroup Re Re and R 7 denote a phenyl group, cresy. group, xyleny. group, or tnmethylpheny I graup , lowe 
aZgro P wi h 1 ,o 6 carbon atoms or a hydrogen atom (with the proviso that R* R, and R 7 are not all 
S nnm atoms) and n is an integer greater than or equal to 1 denoting degree of polymerization). 
V S co^onTnt; ^B) and (C) be'ing used with the following range: 0.9 , Component (B)/(Com P onents 
(B) + C)) S 0.5 

A resin composition according to claim 1 , wherein Component (A) is a resin composition polyphenylene ether resin 

and polystyrene resin. 

A resin composition according to claim 1 . wherein Component (A) is a resin composition comprising polycarbonate 

resin and polystyrene resin. 



10 



